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^n^mtarm^^m (RT^^M<hiii§t-) tcDmizuz-^vr ^^ji^ummt 

(damascene process) bM\i.t\^:LWi^^Xi . ^©X@^IEI9A, EI9B. EI 9 

iH^ffl(7)ai (Cu) 1 4/0^^ilJ632i^n^ (09 A) 

^IS^S^CMP (chemical mechanical polishing) iP¥^^n-5>W;B7'P-fe7. 
i::J:D5if;^bTiag|5l 2iiA^<Da^l 4 a:AUT** 1 3 Mt::iH]g|5l 
2±:^^S<.i;-5fcLT{*ai^T*§v''Jn>'^^b^ (S i NM<i:V^-5) 15^ 

i^tt. '^<D±\zm2(Dmmmi e^mj^uLT^ (09 b) „ siNHiis^, ^1 

C) , MtC^il 7|^(DS i N^l 5^Xu/5^>^b (09D) . ^KD^ZOMl 
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mtvxmmmoi&i^mm'^mi^xh. mmmmm^i^ti.xmmm^±wxi. 

^ib\z. ^(Ds iNm^^mmizmi^^^^. z.(ds iNmi 5^mK)m<r^ii> 
izuzmcDJLy^y^^-fy^'^-^mzfji-DXL^o. m-^m2(Dmi 7 ^mi^-r^oiz 
9c'rm2(Dmmmi 6^x>7^>^'b, '^(D'^jiy^>^izm^^^mm:»x(D^ 

^tzS iNMJlCVD (chemical vapor deposition) J; 0 J^^jfe^ns.o ^-dX 

:^^m(DEm-s.. y-^ iy>y°u±7.^mmiyrcm'^(om^j^^j:mzio\^^x . 
mmm(Dmmm^±^f^ ttjiKK-Dmmjin^mmitx^^^mwmmoDmm 

w^cDigam 1 mizw^^mmu. mmmm±(Dm i (Dmmm\zm i (Dmrn^w- 
j^-r^T.nh. ^(Dmi(Dmmz^mUsWim±m(D;^vym^i)f\^xmmm<D^ 

^mmizHm-r^<^m(Dmmizmm-^^. mm^i (D±mm(Dmimzmtd,mn-^'^ 

^mf^t^jimt. c(D^2(Dmmmz^n^mmmi(D^mm(D±:^mmizm 
2 (Dm^^mf^-r^nmL, mmm i (D^mm\zmm-^n^^mm<Dm 2 <D^m 
m^/t^j TS^^bTHiifB^ 2 (Dmmzm^'^t^jint^m^x^^^ ^ t. 

:lz.x\ wsm\t. w,i(D^m:m(D±.\z^2(Di^mm:^mi^\^rz.h^\z'^m^ 
1 (D^mmi^^i:^^2 (Dmm^^<D^M(D^Wi^p5it't ^r^^(D^(Dxd^^f)^. z. 
(Dumm\t. mu^m^zmm^mm-^'^^^t\z^•^xm^^^'^n^(Dx\ umm 
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$n^(Dmmm2mz%^mm\t. mmmum:m^m$^mm(Dmmizmm-^'\±rc 
t^. mBmumm^^wt^^h^!!0mtvxi>^o 
mj!^(Dmmm3m\zm^^m\-^. mtEmmt. mmmn(Dmmx^ri^ 

m^(Dmmf^4miz^^mM\t. mt^mmit. ^mm<Dmmx$>D. -^m^m 

m^(Dmm^6miz^^mm\-^. mt^&m^mmLxm$Emi<Dm^^r)^± 
y^mcD^m^m^iyXmrnm 1 (D\}i]^mzm 1 (D^mm^m-rjimcD'i^x. mn^ 
m^mm^. mm^mmizUfm-r^^mcDmmzmm-^'ii. tutE^ico^Ms© 
mmizm$mm^^^u^^m^mm±m(Dumm^mi^-r^j:u(Dmiz. mm^ 
nrz.mm±\zHmvx\r^^A-^4 ^ji^^^^T^m^nn^-^ibizm^rcz.^ 

m^(D^m^ 7 m\z^^mm\t.. mm±(Dmmm<Dmmz^mm^mm-^nrc 
mm^mi^xmutity h^mx-^n^mx^t. mucDmrn^^k^-r^tctb 
(Dmim^^:^yhi:. ^^-^tircmm^z. ^mmizitmr^mm(Dmm^^m 
^-a-^ ^mm(Dmm\z^mmwLm±m(Dumm^m}^-r^rc^(Dmm=L~y 
mmmx^izmx^tifcmt^mmti-iiy hf)^ibmm&m^^Kiii^v. MiBJin^y 
hm^mm-r^rzibcDmm^t^m^rcz.t^Wi^tLxi.^^o 

tmomm^smizm^^mu. mm:i=iy hxmm-^nr^mm^m^mizx 



4 



^ o 

mi A, miB, mic, miD\t. :$imM(Dmm(Dmm\z:i^n^'=^mi$^mm 
<Dmm^i\\rAmm-r^mmmx$>^o 

mmmx$)^o 

m 3 ^mmmm\zumm^mf^r^i:n^^-rj:umx^^. 
m^mx$>^o 

msu. iHmzny^^(Dmm:3.~y h^m.^jhAjrm^mm^m:-tmnmx 

mii-i. ^mi^Mm±\zmmm^i'^^rc&(Di^m^(Dmm^:=-y h^^-r^#: 
mx$}^o 

0 8«, p^mz^M^(D^mo.-y h^m.^^/vfzmm^m'^^-r^mmx^ 

^ o 

1119 A, 09 B, 09 0, 1119 Pjl^BJt'*5tj-^i/^v>:7°D-feX^l5a 
T ^ 2s6 O ^ S^SIS ® ilf ® 0 T S § c 
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D, El 2 A, mzB^m^^xmrn-r^o 

1 Af^i^^LmiB^z iitm^itmn^<Dm^y ymmmti~^ym (cfm) 

mx^^^mm. 2 3itmmm2 i^(Dm(DW:m^m±-r^r:iib(D;-<V7m. 2 
m:xmmT^i^mmx$>^o mi A}tnmm<D^m(D±\zmi(Dmmm3 
1 ^mis^vrc^m^mi^xi^^^o 9c'tmiB\z7r:-r^oizz.(D^i(Dmmm3 1 

'^\zm \ c\zm^ ^^\z^mMM\z'D'^y)'m\(Dmm.m3 ims^Ko^m^ 2 

3 3 ^?#fife-r^o CKD^l ©A^U7ji3 3«7./N°>yi5'U >^Yd: ^(DXjg{3=t D 

^iJA^TajOs (miti^y^Jl) , TaN (Sfk^>^;i/) , TiN (g'ft; 

^ij'^) tji^:f)m^^^n^o tvxmiDiZ7^'t^oizmiRmMizm^^^:^^^y 

^ U >^iri^Srii«$i±TB 1 COPS 2 3 4 7&tji|j6iA*nT Vv;5. b;&^§tt 
0 2 AlC^-rJ:'5fCCMPXa{^J:-2TS1S^®^W;ebT^l (01^3 2 J; D 
^-)3m(Dn>9r(Dm3 4S.^Vt'JTS3 3^^*L., Bl©P3 2|^^cm3 Atm, 
^tlTl^l ®^«ji3 S^tji^fig^n^o CMPXjg<i:«, S^T^§^##:'^X 

mm^(i^mmm'{^m\z^r^w^m-^frozLWT:%^. -^^-^x. m2B\z 
m~t^^\z% 1 (D^mm 3 5 (D±t3#sii^4 ^j^^-r^o 

0 3^^. 't^^)^4(D?g^X@^^-rXig0T*D, m(OiS86)^^ (STEP 
1) ^fTofc^, CMPX® (STEP 2) ^fs\^. ^(DmCMPtCj;D?^nT 

vi^sis^?5fe# (STEPS) ^i7;i/^i^^-r^o m^-^x^T^u^y 



EP4) ^m-^^^o :i:i-v^>Vhvyv-jvum3 4tm[:^m^i'^r). 
m3 4mm\zHm-r^<D-v. (steps) •t^tm&.^<D^mzii[m\^x 
i^^^^>VhV7V-Mtm^^m-^n^o ^©tt^^ (steps) ^m^. m 

y^'^7.h'i^x\^m7i.\ty vm^iST. (cf4) ffim^^^bn^o 

±mmm(Dwm\z^num 3 4 (d±^c -1^11^4 ^^'i^ti.:Lnxmm.-r^ z.t.ti^ 
x^. ^r^mmms i(Djiy^>'^(Dt^\zmi±xumm4hx.y^>'if-^n^ 
(Dx\ y^i^y-nm-^mmztji^. ^rcumm4\t. ms 4<Dmm\z(D^ymv 
xHm-r^cDx. mmms i^\zuumm\tmi^-^n'r. vt-oxmmms kdm 
mm\zBm^-^^^:it.hr^i^\ r^^^mm4^m^-r^rc^\z\t. ^m\zmv 
x^m}^mti^m'r^m(Dmtm^m^^^z.hh-^mx$>^. 

xu. m3 4\zMvm^^^m}^mt!^i^-omm(D^>vh^)7V-)i(Dm. o- 
h u ;i/ h u T p - h u ;i/ h u y v-)vm^mw e. » 
:i(Dm<Dmmmt^mti.xmm^7)i^-M[:^<^. mm. ^mm^y:^/ 

mw. 7^yTf-^)ti}VTf-ymt^m. ^-T^it^ymit^m. r)vtsj-)vr^yit 
^m. ^mm^T^yi\:^m. mmmy^yit-^mmfi^m-f^n^. 

mm(Dmhi.x\t. v)v\i.v-)v. y^m. "fyr/ymt^m^iibri^. 
^mm^y x.y-Mt'^m(Dmt.L'X\t. y:^j~-)\^. o-^i/y-;i/, m- 
^V'/-)^. i>-^yv-)i. y'/)vyy-)V. 2. 3-tfu >^>i^:t-;i/, 4,6- 
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^rc^(Dmmi^(Dmti.xjimmti)i^>mj^^^)v (-m. @^^x^;pxx 
7^ y^vti)]^s>m(DmtVTU. x.'^u>z^7^>mmm (edta) , 

\,2-i^^u^=^^yi^r^>mmm (Cydta) , h ux5^i/>7^ h^T^ > 

T^mm (TTHA) , xhUPHM (NT A) m^m^^f^ti^o 

5^U7='>-1. X5^;L'T^yt^X (^5^1/>7}sX3j^>m) > 

^ o 

^^^'k^mj:-7.^jim^^mf^n^o 
u:^z.nib umnx . ^rc\t2 mw.±^m.^'^fD^xm \^^^:it^^x^^o 
z.;ix&.'r\z^ji^\±(Dmm(Dmmz^yVhV7V~)v^nm-^'i^^rz.&(D 



• 
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izm^rc^mT-mi^xm-^A^^mm-r^. mizmmj^^r^-i^(Di^mr-j^ 5 

1, bit. ;i(DtEJtT-A 5 1 , 5 i^^Wi^. m:^\^RZS±T::^\^\z^Wjx 

e>'^X/\^feitT — A 5 1, 5 1 \Zj;:^—mLTi^Wt^Z.t\Z^'DXntDn^o 
f^^mWT-M.B 1, 5 i\tm^i^2 5t§:T':?2:9-fiJ$nT43D, ±a!cDitf^^ 
2lHlfToT5 OtScffijfr^o ^bTffiJtT-A5 1, 5 1 5 l^lCl^T^ 

u 5 izm \-m.^f^ ^wt^o \zm,^^i^>'zn:i^m^ ^nx\^^ 

^JSA^Ul 0 0^. 't7XA(Dt5fe#MS;^>nTt:)n§^#M3ggl5 2 0 0 .h, 

\^(D^-jL)\^ti^Lv vw'SLx^^^-ttL^(D'm^m 0 o <h(Z)3-:)(Dy->tc=t 
ti^y hwm^^G o\z^r)'^m^6 1 iz-Brnx^nrc'^. n-y^e 2f:ii«j 

iH^n. :iz.xmx\tM.^rji^>'yj:-^\^Wmm (teitT-A) hC 

F^o'^xAy{?^^4'FBi^^^gi5tc^b^;^e>n§o t5fe#^a^2 0 oxit. mx^i 0 
0 <i:s^mgi53 0 0 i^^^s^^-o (x;^[6]) izri^-oxm^c-^o^y jL/\mmmm 
mxui^'K±3-^(DryjL/\mmmmRi^R3) -f^mnibrixi^^o u^mu 
^jL;\mwr-ARmji/\mmmmz^y)i^m^^im]^-^ri^o im^-^xA 
mmmmR i ~r 3 ^sl^)zliCD^e^tT-A si. 51 t^my-A 5 2 -t^o^^T^ci:^ 

fe(DTa&^o ^fc?$t?^Mag|5 2 0 0 t^«BI(?5f!jT(i6lli(7)^S*f T 1 ~T 6/&^*X 
::^fS]lcrc^oT@B^iJ$nT^D, ^OA^S-^X/N^j^lttiRl^MSIfTl, T2^, 
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T 6 ^^ttJto J; -5 izmf^-^nxi^^^. m e m^c^mm^ 200 ©mins^^-r^ 

^ o 

^:cDi;-5fj;^igg«{3:feViT> D-iS^*^ 6 2 ^> "^XA-^oH^+i (R1~R 

3) \zmfm-^nr:iox.;\w\t. mmm (ti~t6) mzm-Amm-^nx. n 

^vu^^mmmmiz^-Dxmtii^s o omizm^bn^o 

&.±\z^\^^x^jL/\±\zmm^mm^mf^'r^^m:n.-y htvx\t.. mpiU 
m7 \zm-r.k'Diz. ^jL/\^7.}d>'^^xi^T-omm'r^^m^<Dmm::2.-y 

hXh^^^K mi \Z^\^^X7 l\-i.t)yy\ 7 2(tt-iS'M{Cj;D7K¥S};ifD''pT 
tHlfe-r§Xt!>5^^>;/^, 7 3}t7.^>^^y^ 7 7 4 

^7 2lZ^r)^:i-/\W^^1^'^ittiif)^ibm^f^i^7 8 ^':7XAW*®lZ^M$ 

i±, yx;i/7 5 50^^'^xAW4^>ii^a5tc?5fe^i^Fy;^^«7K^^,^bT, 

7 8 tc^D':7x/\w^i5fe#T§o ;^viT^*®^^^^ffl(D^^^^':7XAWffvi:^gB^c 

X)i(D^mz-:^h^x\^. :^yy7 iizmmi^x. m^(Dmmmiz^>^mK>m-f^ 
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titzm^oy xjv:/)m-^^nx^r). ffii^T-A? 7-^^^n>by X)i(D^i!}^i^ im 

)^A±<D^o\zumm.^mi^'r^^:=^y v^mitmm(D^\z^^^^tsz.t.\z^r)^ 
^m.mo:>w^m.^m.^m^^mi^^m'^\z)it^xmm.±W(D^mm.m^'h'^ <uk). 
^ ^)-y)v-A(D7.^-7s^mmz^mx^^. ^fcm^. ^^mm(Dm0!z^mm 
i^xnpL^<Dxxji~Xy h^m<. y-^zyyxu^.T.^mm-r^i^x^Aizm 

^rzy^mBj^\z:$ii^x . ^mz^m-^n^^m^m^itmx$>^m'^. ^@h^« 

}S^-r^^mtl^XU. m-mm (SnC I2) , :!i^^yyitm (Sn (BFO 2) , 
MH—iM (SnSOO . (NiSOO , i^'ft:::i«y (N i C 1 

2) , X)[^y7^>m:=-y^)l (NiHS03NH2) m(D]tm^^M,lzmt(D^^^ 

mf^.v^p-ri^f^^^-^m-r^it'^^^m^Mizmm-^'^^^t'^m^v^^ z.(d 
m'^\z^^^x-hmu^M\z^mw^m^^m-^^k. :k^^xmwimM^^9tw-r^^ 
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'^\zvxmmmrt>n^o ummcommz-Di^^xit. ^m^m<^^m^±mx$> 
ni-£mnm?^y^-^rirc'^mhur)^ mpi\tm-m^m (snci2) mm^m^^ 

fccfcv^o '^\z^tz.^mmt\^x\t.m\zm<b-tB^'p^f^^xh^x%^^^i.. m 

m^'ih^-xM\z^\^^x^m<'^><D^w.^m<^h\z^r^'mw^^n^^'±. 
•r:>mM-xM'^mm\Lx^^. ^tz.i^mn(Dm^mmz^n\%. ^m.(D\%wt.^w. 
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2i< o ig H 



1. mum:m±(Dmi(Dmmmizmi(Dm^^^f^-r^j:mt. 
)i<Dm2(Dmmm\zi5\f^mmm 1 (D±mm<D±:^mmz^ 2 ©cagp^j^^-r 

mzmm(D^^M'^mw<Dm.mi'^o 

2 iSt3lB«c(7)¥»#:^Sc^m5t;^?So 
6 . MIBSIS^W^bTMIBm 1 (DMdcD fe±:^#J(7)^M^^SbTtufB 

mum^mm^. m%^^mm\z\^mt^mm.o^'mmz^m.^'^. huib^i©^ 
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Bo 

n^m.m.(D^mm(Dm\z^\^^xmwL^m.m.-t^i^o\zu-^nrcz.t^^WL}z-r^ 

IS (D V i Tn )5 ^ icIB a CD ¥ S S B CD M 3t g e o 
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